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COMPLETE SPECIFICATION 
Coated Electrostatic Shields for Electrical Apparatus 
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wnicn IS nucQ wim a u.wv»...., 

we, uENtKAi. ^^'-'^j^'ir^-^ -^;; -' York graphite. The conduttive coating may be ap- 

Rivcr Road, Schenectady 12305, New Jo*, o^p encapsulated coil structure in any 

United States of Amenca; a corporation o^- Pjg;^° ? ,h as by brushing, spraying 

ganised and existing under the laws of me ^^.^ ^dcrstood, such con- 

State of N'cw York, United States of Arnerira. « n pp g .^^ yem of 

do hereby declare the invenuon or wh^h we ^u^^/^^ P ^ ^^^^ coefficient.of 

pray that a patent may be g«n«d to us, a^^^^ expansion of the conduaing coating 

the method by which it is to be vf^^^l mkde substantiaUy equal to that of 

to be particularly described m and by the fol ^^^^^pj^j^ting resin, 

lowing sutement:— .w^lds Therefore, it is one object of this invention 

This invention relates to ^learostauc shi^^^^^ ^ » conductive coated electrostatic 

and more particularly to coated ^le«r°sratic y encapsulated electrical apparatus, 

shields for encapsulated electrical apparatus. snic.a lu^^^i ^^ j^ ^^.^ invention is to oro- 
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iieiuS lor cnuii>su»oi>.- — • \ • u i 

As is well known to those skilled in the elec- 
trical apparatus art, many types of electrical 
Sparatuf use electrostatic shields as a means 
of controlling both internal and external vd- 
tage stresses. Electrostatic shields are used n 
electrical apparatus in areas where there would 
othenvise be a considerable voltage stress m 
the air adjacent to high voltage sjirfaces, for 
example in transformers, the area between the 
hi-'h voltase coil surface and the magnetic core 
of the tr'ansformcr. In general, electrostatic 
shields are in the form of conducting metal 
foil These shields have been found to be very 
satisfactory for use in apparatus "S'^'S ^"lous 
types of fluids as an insulating medium. How- 
ever, in encapsulated electrical apparatus the 
interface between the conductive foil and 
the encapsulating material tends to open or 
crack due to differences in thermal expansion 
of the various materials. As is well known 
these openings or cracks cause voids which 
S under electrical stress, usually throu^ 
ionization. Many attempts have been made to 



match the coefficient of thermal expansion of 
various conductive shielding material with the 
various types of insulating encapsulating mat- 

^"it'has recently been discovered that aiv ex- 
ternal electrostatic shield for an encapsulated 
coil structure mav be provided by use of a 
conductive coating. This conduaive coating 
may be in the form of a resmous material 



nieiQ lOr an cuu«twuJoi.v« w*w....~. -rr 

A further object of this invention is to pro- 
vide a coated electrostatic shield for encapsu- 
lated electrical apparatus, which shield is 
formed of a conductive coating that will not 
pull away from or crad: at the interface with 

the encapsulating material. 

A still further objert of this mvention is to 
provide an electrostatic shield for encapsulated 
electrical apparatus which may have any de- 
sired resistivity. ■ . • u 

According to the present mvention there is 
provided an electrical apparatus havmg a high 
voltage ^vinding encapsulated m a cured resin- 
ous material, and which comprises an electro- 
static shield on the ««rioj surface of the en- 
capsulating resinous material fonned by a con- 
ductive coating of cured resinous material bav- 
in" a filler of conductive material, the resmous 
material of the conduaive coating having sub- 
stantially the same coefficient of expansion as 
the encapsulating resinous majenal, said con- 
ductive coating being electtically connected to 
a "rounded portion of the electrical apparatus. 
S« : hft better understooa 
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— The invention will be b e tter un> . w . ..-> ^ 
from the following detailed descripuon of a 
preferred embodiment thereof particularly 
when considered in connection with the accom- 
panying drawings, in which: 

FIGIJRE 1 is a perspecuve view partially 
in section of an encapsulated coil unit with 
the conductive coating shield of this invention 
applied thereto; and 
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FIGURE 2 is a cross sectional view of a 
mold for encapsulating a coil unit showing one 
™Sod ol applying the conductive coatmg of 
thisinvenuon ^.^ ,,iu 

^ .ro^cd S reference to the drawings, m 
Slikc numerals are used indicate like 

feMe^to^^^^^^^ 

15 "SSn- toSoUREl of the drawing 
rhS is sho^ a transformer 10 comprising 
fa eniSaS coil unit 12 with 5ns"ted »re 
membeS 14 and 16, shown m phan«m^^^^^^ 

wound on a winding form 28. S 

Sltistood that such sp««r « 'IJ'-'SS 
iT Ae windins form. Howra, « is mtea 
stresses 

tion 34 is placed to Insulate the various layers 
of the low voluge winding from fch other 

11 a manner well understood by tho«^^^^^^^ 
AK in the art. Of course, as will -be understooa, 

Se layer insulation could also;be provided on 
the hi'h voltage winding if desireQ. 
In general,%hen a'coil such as coil unit 

12 including the high voltage winding 20 and 
50 low voltage^ding 22 is e?«^psulated jvithm 



w ith th e en c a ps ui a i i ng 

c< has been found that a number of problenis 
Sef Specially with reference to the high vol- 
Ja^e wbdSg. in that voids are formed mthm 
Sf hl^h vofege winding 
bv the encapsulating material. These voids are 
60 ai or Ss filled spaces and, m general, lead 
to coroL due to fhe high voltage, stresses a 
hese points in the high voltage windings. As 
is well known this corona may damage the m- 
Sution materials and cause objectionable ra- 
65 So noise. Further, it has been discovered that 



apparently where the high voltage windings 
aKe encapsulating resin contact mh othe 
thev also provide a source of corona. It has 
fur?her bc?n found that the development of 
S in die encapsuhted Jiigh voltage wind- 70 
Tnt as wcll a die^development of corona due 
S^die cSart of the winding with the cncapsu- 
\of^l material, can be avoided by impregnat- 
nfiehShv&ewindi^ „ 
!nlid such 1° for example mineral oil used 75 
n «ansSers. Only a small amount of di- 
llecSc iSuid is necessary, generally, an 
^mo^t saffidtnt to provide a 6^ about^adi 
rhTwiresofthebi„^voltagejmdnj.H^^^ 
pver a brief discussion will be given ol tnc 
Sriction of die winding with reference to 
TrTr;TJRE '1 of the drawing. , , . , i 
As shown -m FIGURE 1, after the high vol- 

wirps of the high voltage winding. Ihis 
Tplefelbty done by utilizing a continuous 
fito about the open portion of W 
Sing form 28,. the contmuous filni 
SSS indicated ^it 3^. A contmuous film of 
g&einforced polyester makes a good seal- 
ant for the high voltage winding. Obviouslj, 
oSe films, such as polyethylene, may be used. 95 
eidier as a film or a laminate with glass fibres 
or Ae l&e The only requirement for die sea 1- 
L . material is that it be sufficiently flexible 
and Spermeable to the encapsulatuig resm to 
prevent such resin from contactmg the high 100 
voltage winding 20. As can be seen from 
FIGURE i th? use of sealant 36 completejy 
seals off die high voltage winding 20 rom the 
encapsulating material general y md^ted at 
38 in the drawing. As indicated, the hi^a iu3 
voltage winding formed on the wmdmg forin 
28 and enclosed by the sealant 36 ;s thus seakd 
m a cavitv 29 prior to encapsulation of tne 
Sil 12. Means «e provided in.the winding 
foim 28 of the high voltage winding 20 to 110 
adToil to cavity 29. Such means are generany 
kdicated as tubes 40 at opposite ends of the 
SSpsulated unit 12. As will be understood 
IftSi windings 20 and 22 have been encap- 
sulatcd in the encapsulant 38, one ot 115 
tubes 40 may be connected to a 
Scuum pump, the odier tube is connected^o 
a dielecffic liqu d source and the d f'ectric 
Uquid is forced into the cavity 29 while sudi 
^ • • - be ing evacuated in a m a nner well un- 



n-ianner well un- 120 



Sod the art^ This pro- 

vidS an encapsulated coil unit 12 m which 
E lorona problems of the high voltage wmd- 
inz are substantially eliminated. 

However, as will be understood there is aUo 125 
a problem of die stresses developed 
hi|h voltage winding 20 through the encapsu- 
lating material 38 to the grounded core 14 
or 16 of die transformer 10. In order to eliin - 
Sate diis problem the shielding means of this 130 
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invention may be utilized. As can be seen from 
FIGURE 1 of the drawing, the external sur- 
face of encapsulating material 38 is provided 
with a conductive coating indicated at 42. ine 
5 coating 42 is comprised of a resinous material 
which is filled with either a metallic powder 
or graphite. It is preferred that the resinous 
material forming the conductive coating 42 be 
the same type of resinuous material used to 
10 form the encapsulating material 38. As wil 
be understood when using a resinous material 
for the conductive coating 42 the same as the 
encapsulating material 38 the coefficient of 
thermal expansion of both the conducuve coat- 
15 ing and the encapsulant resinous material will 
be substantially equal. Of course, as will be 
understood, other types of resinous material 
could be used. However, as stated, the pre- 
ferred method is to utilize the same type of 
20 resinous material for the conductive coating as 
is used in encapsulating the coil unit 12. 

In some applications for example where the 
transformer 10 will be exposed to severe atnjo- 
'spheric conditions, or where it may be buried 
25 in the earth, a corrosion resistant conductive 
coating is desired, completely covering the ex- 
ternal surface adjacent the high voltage wind- 
in*'. In such a case the conductive coating will 
constitute a short circuited turn linking the 
30 main flux of the magnetic cores 14 and 16. 
Therefore its resistance must be sufficiently 
high to keep the 1=R losses to a negligible por- 
tion of the total excitation loss and sufficiently 
low to conduct static charges to ground and 
35 eliminate corona adjacent the external coil sur- 
face. A commercially available graphite-filled 
epoxy resin having a resistivity on the order 
of 30 to 300 ohms per square inch has been 
found suitable. As will be understood the 
40 resistance is generally measured between two 
parallel sides of a 1" square surface. The re- 
sistivity of the coating will vary considerably, 
depending upon the size of the transformer, 
the geometry of the coated surfaces and the 
45 thickness and other characteristics of the coat- 
ing. However, as long as the criteria of low 
total loss and satisfactory shielding are 
satisfied, then the conductive coating will be 
sufficient for use, 
CA In other applications where the transformer 
will not be buried nor exposed to severe atmo- 
spheric conditions, a lower resistance conduc- 
tive coating using metallic fillers may be uti- 
lized. Such coatings generally have a resistance 



uncoated bands be used. This is shown m 
FIGURE 1 by uncoated band 44 near 
core 16 and uncoated band 46 at the 
opposite end of coil unit 12, near core 14. The 
bands 44 and 46 divide the shield imo two • 70 
separate units so that the conductive coatings 
does not form a' closed -loop linking the mag- 
netic flux of either or both cores. Each of these 
units is grounded to the cores 14 and 16, as 
is indicated at 48. As will be understood, when 75 
the coatmg is provided either by brushing, 
spraying or dipping the bands 44 and 46 may 
be formed merely be means of a strip of mask- 
ing tape placed about the coil unit 12 which 
may be removed after the surface has been 80 
coated. 

As will be understood, the interior surface 
adjacent the low voltage winding of coil unit 
12 is ;iot provided with a conductive coating. 
There is no need for an electrostatic shield 85 
between the low voltage winding 22 and the 
core sections 14 and 16. In general, the low 
voltage winding will provide sufficient shield- 
ing from high voltage stresses in this region due 
to the high voltage winding 20. However, if 90 
both windings were of relatively high voltage 
so as to develop considerable vohage stress 
between the interior of the coil unit 12 and 
the cores 14 and 16, a conductive shield could 
be provided as a continuation of conductive 95 
coating 42. 

Referring now to FIGURE 2 of the draw- 
ing, there is shown one preferred means of 
applying the electrostatic shielding to the ex- 
terior of an encapsulated coil unit. As shown 100 
in FIGURE 2 a mold 50 is provided 
for encapsulating the high voltage coil 
20 and low voltage coil 22. As shown 
the mold unit 50 comprises a base member ' 
52 which includes a central portion 54 and 105 
sides 56 forming in such base unit 52 a cavity 
58 in which the high voltage winding 20 and 
low voltage winding 22 may be inserted. The 
high voltage winding 20 and low voltage wind- 
ing 22 are mounted within the cavity 58 and 110 
held stationary therein and above the lower 
portion of the base by means of plastic mount- 
ing members 60, Members 60 will be generally 
of"* cured resinous material sutbstantially the 
same as the material to be -used for encapsulat- 115 
ing the windings 20 and 22. A cover member 
62 is provided closely fitting base member 52 
and being bolted thereto by means of bolt 64. 
Openings are prov i ded, such as ^°^^^^^P |^ 



opening!' 66 and 68, which may be used to 120" 
fill cavity 58 with the encapsulating resinous 
material. As will be understood, normally one 
opening, such as for example 66, will be used 
to pump the resinous encapsulating material 
into cavity 58, while opening 68 will be uti- 125 
lizcd to evacuate cavity 58 to insure that the 
resinuous encapsulating material thoroughly 
fills all of the openings within the cavity 58. 
In accordance with the embodiment of this m- 
vention, prior to insertion of the windings 20 130 



55 of the order of 1 ohm per square inch. As 
will be understood these conductive coatings 
must be discontinuous or they will produce a 
sizeable short circuit current and cause exces- 
sive power losses. Utilizing such conductive 
60 coatings with very small resistivity at least one 
longitudinal area approximately 1/2" wide is 
left uncoated. This is shown in FIGURE 1 
as the band 44 about the coil unit 12. Where 
a two section core is used, as indicated at 14 
65 and 16 in the drawing, it is desirable that two 
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and 22 into cavity 58 a <^o^^^"^°l'^''S 
cnofprifll uliliz n*' a resinous material puc" 
ff toi a metallic powder or ^aphite .s 
rprayed about the sides of the cavity 58, except 
5 Knter portion 54, as is indica^d b^^^^^^ 
coatin" 70. The coating 70 will form >n place 
«n die sides of cavity 58 in the manner sho^vn. 
Wh?a t^e encapsulating material is pumpe^ 
tato the cavity 58 and thoroughly fiU^^^^^^ 
10 cavity 58 the coating 70 is transierrcu 
STe encapsulating resin and becomes a p^^^ 

manent part thereof. This ^'^^i'^^^S^l 
the conduttive coaong more firmly secures uie 
Matin" to the encapsulating resin and makes 

15 t iS^sSiect to removal by "osion or ab«- 
sion than coatings which are sP7«=d on *e 
unit after it has been encapsulated. This ako 
eliminates the necessity of providing a cure 
fordie coadng 70 after the encapsulating mat- 

20 erial hi beeS cured. As will be understood 
Scr encapsulating material has thoroughly 
fined die cavity 58, Ae encapsulating ma ena 
is cured. In curing such encapsulating matenal 
d,rcoating 70, which becomes a PW-nf^"^"^ 

05 oart of Ae encapsulating matenal will be 
SJd together with the encapsulating material. 
WHAT WE CLAIM IS:— 
1. An electrial apparatus having a high toi- 



tage winding encapsulated in a cured ."smous 
Jterial, and comprising an electrostauc shield 30 
on the exterior surface of the encapsulating 
resinous material formed by a conductive coat- 
in- of cured resinBus matenal having a tiucr 
of" conductive material, ; the resinous mater- 
ial of the. conduaive coating having 35 
substantially the same coefficient of expan- 
sion as the encapsulating resinous^ """fj' 
said conductive coating be ng clectrica ly con- 
nected to a grounded portion of the electncal 

''^Z^An " electrical apparatus as claimed in 
daim'l, wherein said conductive coatmg com- 
pletely covers the external surface ofthe en- 
apsulating resin, and has a resistivity m the 
range of 30-300 ohms per square mch. « 

3. An electrical apparatus as daimed in 
daim'l, wherein said conductive coating is dis- 
continuous about the external surface of the 
encapsulating resin, said conductive coating 
having a resistivity of approximately 1 ohm 50 

P"' AreSical apparatus substantially, as 
desCTibed with reference to the accompanying 
drawings. -5. . 

POTTS, KERR & O'BRIEN. 
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